SICUAITY  CLASSIFICATION  OF  THIS  FAOE  (Whan  Data  Rntarad) 


T 


4 


7. 


REPORT  DOCUMENTATION  PAGE 


REPORT  NUMBER 


[2.  GOVT  ACCESSION  NO.I  3. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

RECIPIENT'S  CATALOG  NUMBER 


Title  (and  Subtitle) 


HP  Chain  Reaction  Laser 


/}&></  f rs 

S'  TYPE  OF  REPORT  & PERIOD  COVERED 

Final  Technical  Report 

6 PERFORMING  ORG.  REPORT  NUMBER 


AU  THORrsj 


R75-951 883-4 

8.  CONTRACT  OR  GRANT  NUMBER/ 


a) 


L.  R.  Boedeker,  J.  F.  Verdieck,  R.  J.  Hall 

N00014-74-C-0379 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

to.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  & WORK  UNIT  NUMBERS 

United  Technologies  Corporation 

Research  Center 

last  Hartford,  CT  06108 

000173 

11.  controlling  office  name  and  address 

12.  REPORT  DATE 

Office  of  Naval  Research 

May  1975 

Department  of  the  Navy 

13.  NUMBER  OF  PAGES 

Arlington,  VA  22217 

00 

14.  MONITORING  AGENCY  NAME  » ADORESSfff  dlllerent  from  Controlling  Ol/ice) 

IS.  SECURITY  CLASS,  fof  thlt  report) 

Naval  Research  Laboratory 
4555  Overlook  Avenue  S.W. 
Washington,  D.C.  20375 


unclassified 


I5«.  DECLASSI  FI  CATION/ DOWN  GRADING 
SCHEDULE 


16-  DISTRIBUTION  STATEMENT  (a / thin  Report) 

Distribution  of  this  report  is  unlimited 


D D C 

^ MAY  30  1975  , ■! 


17  DISTRIBUTION  STATEMENT  rot  the  ebetrect  entered  In  Block  20,  II  dlllerent  from  Report) 


UOtLTStLW&ili 

D 


18.  SUPPLEMENTARY  fOT.PS 


19.  KEY  WORDS  (Continue  on  reverse  side  if  necessary  and  fde.itlfy  by  block  number) 

kinetics  of  II  /F  chain  reaction 

r2.  2 

HF  chain  reaction  laser  v 


20  ABSTRACT  (Continue  on  reverie  side  It  necessary  and  Identify  by  block  number) 


As  a result  of  uncertainties  in  modeling  reaction  and  molecular  energy 

transfer  processes  in  the  cw  H p/Fg  chain  reaction  laser,  UTRC  has  conducted 

a thermally  initiated  F0/iU  flow  tube  reactor  experimental  program  to  provide 

clearly  defined  experimental  results  via  emission  spectroscopy  diagnostics  on 

vibrational  •population  levels  attained  in  the  cw  IU/f„  chain  reaction  for 

d d 

comparison  with  theory.  This  experiment  without  the  complexities  of  supersonic 


DD 


FORM 
1 JAN  73 


1473  e 


Reproduced  bv 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 


U S Departmprd  of  Commfli  o 
Springfield,  VA.  22151 


(continued  on  back) 

Il'CCS  t 


i 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  [H!im  Hein  h.titer.d) 


20. 


flow,  expansion  through  nozzles  and  power  extraction  provides  information  at  this 
time  on  areas  of  major  disagreement  between  theory  and  experiment  and  potentially 
will  allow  a more  detailed  comparison  and  adjustment  of  the  pertinent  rates. 

Highly  ailute,  subsonic,  near  room  temperature  reaction  conditions  in  the  1-10 
torr  pressure  region  have  been  studied  which  result  in  development  of  the  chain 
over  flow  tube  distances  of  about  1 meter,  much  larger  than  mixing  length. 

Fluorine  is  partially  dissociated  thermally  and  diluted  with  Ar  and  cold  Fp. 
Subsequently  ll  with  additional  diluents  is  injected  and  mixed  rapidly  to  $tart 
the  chain  reaction.  Emission  was  observed  through  slotted  windows  along  the 
reaction  tube.  Emphasis  was  placed  on  measuring  the  important  high  lying  vibra- 
tional levels  in  HF,  v = 3”6,  via  Av  = 3 overtone  spectroscopy.  An  examination 
of  the  dominant  kinetics  operant  in  this  region  was  conducted  via  the  accumulation 
of  spectral  data  over  a range  of  key  experimental  parameters  including  distance 
from  the  H2  injector,  x;  Hp  flow;  Fg  flow;  pressure;  dissociator  temperature,  and 
Op  additive  flow.  Reduction  of  Av  - 3 spectra  shows  consistent  definition  of  a 
rotational  temperature  typically  Tp  ~ 320°K,  and  at  5 torr  a line  ar  logarithmic- 
vibrational -level  population  variation  with  v indicating  a vibrational  temperature 
Tv  ~ 4300-6300°K.  Increase  in  dissociator  temperature  was  observed  to  cause  an 
increase  in  vibrational  populations  as  expected.  A decrease  in  Hp  flow  from 
Hp/Fp  ~ 3 to  Hp/Fp~  1 caused  an  increase  in  HF  vibrational  population  which  may 
arise  from  the  effect  of  V-V  relaxation  of  HF  by  Hp*  At  low  pressure,  p~  1 torr 
departures  from  a Bol.tzrr ..n  vibrational  distribution  were  measured  at  x - 3 cm 
showing  enhanced  population  of  v = 5 and  6.  Oxygen  added  with  the  cold  Fp  that 
bypasses  the  disuse ' at or  had  no  noticeable  effect,  a result  which  suggests  that 
once  the  chain  reaction  is  started  the  oxygen  either  has  little  effect  or  0 
contamination  of  Fp  is  significant  and  little  additional  effect  could  be  noted. 

At  5 torr  and  nominal  flow  conditions  Fp~  l1/,  Hg  ~"3$o  Ar  ~ 96'Jo  populations  on 
v = 3 and  v = 6 were  examined  as  a function  of  distance  x from  the  Hp  injector. 
Results  showed  populations  which  decreased  with  x and  level  v.  The  available 
experimental  results  to  data  from  the  flow  tube  on  high  lying  vibrational  population 
distributions  observed  at  9 torr  have  been  compared  with  predictions  of  the  1-D 
Scheduled  mixing  analytical  model  in  a manner  which  attempts  to  identify  potential 
key  areas  of  kinetic  uncertainty  with  the  chain.  Results  of  this  comparison  suggest 
that  (l)  HF-HF  W and  VT  processes  for  high  lying  vibrational  levels  and  (2)  the 
overall  rate  of  reaction  and.  translat ional  heating  are  two  potential  key  areas  of 
uncertainty.  In  particular,  under  (l)  the  observed  distribution  of  vibrational 
level  populations  with  level  V could  be  explained  to  a large  extent  by  a faster 
than  linear  HF  VT  scaling  with  V,  perhaps  as  fast  as  V-,  whereas  appropriate  changes 
in  back  reaction  or  Hg  W transfer  mechanisms  and/or  rat^s  in  the  model  do  not 
appear  capable  of  explaining  such  level  distribution  data.  Under  (2)  the  observed 
spatial  distributions  of  high  lying  HF  vibrational  populations  and  rotational 
temperatures  suggest  that  propagation  of  the  chain  may  be  occurring  somewhat 
slower  than  anticipated  for  present  conditions. 
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HF  Chain  Reaction  Laser 


Final  Technical  Repor*. 

I.  SUMMARY 

The  evaluation  of  the  performance  potential  of  the  cw  H2/F2  chain  reaction  laser 
is  difficult  due  to  the  uncertainties  in  many  of  the  chemical  reactions,  vibration- 
vibration  transfer  and  vibration-translation  relaxation  rates.  Considerable  time 
and  development  of  new  techniques  would  be  required  to  completely  determine  all  these 
rates.  As  a result  under  the  present  contract  UTRC  has  conducted  a thermally  initiated 
F2/H2  flow  tube  reactor  experimental  program  to  provide  clearly  defined  experimental 
results  via  emission  spectroscopy  diagnostics  on  vibrational  population  levels  attained 
in  the  cw  H2/F2  chain  reaction  for  comparison  with  theory.  This  experiment  without 
the  complexities  of  supersonic  flow,  expansion  through  nozzles  and  power  extraction 
provides  information  at  this  time  on  areas  of  major  disagreement  between  theory  and 
experiment  and  potentially  will  allow  a more  detailed  comparison  and  adjustment  of 
the  pertinent  rates. 

Highly  dilute,  subsonic,  near  room  temperature  reaction  conditions  in  the  1-10 
torr  pressure  region  have  been  studied  which  result  in  development  of  the  chain  over 
flow  tube  distances  of  about  1 meter,  much  larger  than  mixing  length.  Fluorine  is 
partially  dissociated  thermally  in  a nickel  dissociator  core  heated  inside  a commer- 
cial tube  furnace.  The  partially  dissociated  F2  is  then  diluted  with  A r and  cold 
?2.  Subsequently  H2  with  additional  diluents  is  injected  and  mixed  rapidly  to  start 
the  chain  reaction.  Emission  is  observed  through  slotted  windows  along  the  reaction 
tube.  Under  the  contract  F0  dissociator,  F2  dilution,  H2  injector  and  5 cm  dia. 
flow  tube  reactor  apparatus  components  were  designed,  fabricated,  assembled  and  tested. 
Overtone  unis s ion  spectroscopy  and  F2  uv  absorption  diagnostic  equipment  was  assembled 
and  measurements  conducted.  Emphasis  was  placed  on  measuring  the  important  high 
lying  vibrational  levels  in  HF,  v = 3-7  > via  Av  - 3 overtone  spectroscopy.  An  exami- 
nation of  the  dominant  kinetics  operant  in  this  region  was  conducted  via  the  accumu- 
lation of  spectral  and  uv  data  over  a range  of  key  experimental  parameters  including 
distance  from  the  H2  injector,  xj  H2  flew;  F2  flow;  pressure;  dissociator  temperature, 
and  02  additive  flow. 

The  nickel  dissociator  has  been  heated  up  to  an  average  measured  tern-  ature  of 
T = 880°K  at  a tube  heater  setting  of  685°C;  F2  uv  absorption  data  suggest  an  upper 
limit  value  for  F2  dissociation  somewhat  below  the  equilibrium  value  based  on  T. 

Stable  repeatable  overtone  spectra  were  obtained  at  all  viewing  ports,  located 
between  x = 3 and  70  cm.  Strong  Av  = 3 bands  have  been  observed  corresponding  to 
v = 3-0,  4-1,  5-2  and  6-3  P and  R branch  transitions.  In  addition  Av  = 4 transitions 
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have  been  observed  corresponding  to  v ■ 8-4.  7-3 » 6-2,  5-1  and  4-0  transitions. 
Reduction  of  &v  ® 3 spectra  shows  consistent  def initio!,  of  a rotational  temperature, 
typically  Tr  '-320°K,  and  at  5 torr  a linear  logarithmic- vibrational-level  population 
variation  with  v was  obtained  indicating  a vibrational  temperature  T-^SOO-SSOO0^ 
Orange/yellow/ green  visible  emission  has  been  observed  at  viewing  ports  in  the  pre- 
sent experiment,  likely,  at  present  temperature  levels,  due  to  emission  from  low  J, 
dv  =>  5 transitions;  no  visible  emission  has  been  observed  from  a viewing  port  up- 
stream of  the  H2  injector  indicating  little  backstreaming. 

Increase  in  dissociator  temperature  was  observed  to  cause  an  increase  in 
vibrational  populations  »s  expected.  A decrease  in  Hg  flow  from  Hg/Pg  ~ 3 to 
Hg/P2  1 caused  an  increase  in  HP  vibrational  population  which  may  arise  from  the 
effect  of  W relaxation  of  HF  by  Hg.  At  low  pressure,  p ~ 1 tcrr,  departures  from 
a Botlzmann  vibrational  distribution  were  measured  at  x « 3 cm  showing  enhanced 
population  of  V = 5 and  6.  Oxygen  added  with  the  cold  Fp  that  bypasses  the  disso- 
ciator had  no  noticeable  effect,  a result  which  suggests  that  once  the  chain  reac- 
tion is  started  the  oxygen  either  has  little  effect  or  Og  contamination  of  Fg  is 
significant  and  little  additional  effect  could  be  noted. 

At  5 torr  and  nominal  flow  conditions  Fg  ~ 1$,  Hg  ~ 3$,  Ar  ~ 96$  populations 
on  v = 3 through  v = 6 were  examined  as  a function  of  distance  x from  the  Hg  injec- 
tor, The  effect  of  wall  material  was  checked  by  installing  a teflon  liner  inside 
the  copper  reaction  tube.  Results  showed  populations  which  decreased  with  x and 
level  v.  Results  with  teflon  wall  material  showed  a reduced  drop  off  in  populations 
with  x compared  to  copper  but  essentially  the  same  v distribution;  while  for  tempera- 
ture a slightly  enhanced  rate  of  growth  of  rotational  temperature  was  indicated  for 
teflon  with  less  data  scatter.  These  results  suggest  H atom  interaction  with  the 
wall  is  a measureable  effect  here  since  at  present  the  optical  depth  of  field  in- 
cludes wall  regions  as  well  as  the  center  part  of  the  tube. 

The  available  experimental  results  to  date  from  the  flew  tube  on  high  lying 
vibrational  population  distributions  observed  at  5 torr  have  been  compared  at  this 
time  with  predictions  of  the  1-D  scheduled  mixing  analytical  model  in  a manner  which 
attempts  to  identify  potential  key  areas  of  kinetic  uncertainty  with  the  chain. 
Results  of  this  comparison  suggest  that  (l)  HF-HF  W and  VT  processes  for  high  lying 
vibrational  levels  and  (2)  the  overall  rate  of  reaction  and  translational  heating 
are  two  potential  key  areas  of  uncertainly.  To  particular,  under  (l)  bhe  observed 
distribution  of  vibrational  level  population;,  wi  tr.  level  V could  be  explained  to  a 
large  extent  by  a faster  than  linear  HF  VT  scaling  with  V,  perhaps  as  fast  as  V^, 
whereas  appropriate  changes  in  back  reaction  or  Hg  W transfer  mechanisms  and/or 
rates  in  the  model  do  not  appear  capable  of  explaining  such  level  distribution  data. 
Under  (2)  the  observed  spatial  distributions  of  high  lying  HF  vibrational  populations 
and  rotational  temperatures  suggest  that  propagation  of  the  chain  may  be  occurring 
somewhat  slower  than  anticipated  for  present  conditions. 
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II.  INTRODUCTION 


The  evaluation  of  the  performance  potentialof  the  ew  Hg/Fg  chain  reaction  laser 
is  difficult  due  to  the  uncertainties  in  many  of  the  chemical  reaction,  vibration- 
vibration  transfer  and  vibration- translation  relaxation  rates.  Considerable  time 
and  development  of  new  techniques  would  be  required  to  completely  determine  all  these 
rates.  In  order  to  provide  information  in  the  near  future,  a flow  tube  experiment 
has  been  conducted  under  the  reference  Navy  Contract  to  obtain  information  on  the 
kinetics,  and  relaxation  rates  for  comparison  with  the  existing  codes.  This  experi- 
ment, without  the  complexities  of  supersonic  flow,  expansion  through  nozzles  and 
power  extraction,  potentially  will  allow  a detailed  comparison  and  adjustment  of 
the  pertinent  rates  and  provides  information  at  this  time  on  areas  of  major  disagree* 
ment  between  theory  and  experiment. 


Flow  tube  experiments  have  provided  a valuable  approach  for  study  of  gas  phase 
chemical  reactions  and  molecular  relaxation  mechanisms.  In  the  Fg-Hg  system  a num- 
ber of  flow  tube  related  experiments  have  been  conducted  to  measure  tl)  reaction 
rates  cf  F with  H2  and  H with  Fg  (Refs.  1 and  2);  (2)  distribution  of  vibrational- 
roational  product  states  in  these  reactions  (Refs.  3,  4,  5,  6);  (3)  HF-HF,  W,  VT 
processes,  HF-H2,  W trmsfer  and  HF-H  VT  decay  (Refs.  7,  8,  9).  In  these  studies 
information  on  molecular  energy  transfer  processes  involving  high  lying  vibrational 
levels  V = 5>  8 is  absent  or  appears  uncertain.  In  addition  in  many  of  these  studies, 
highly  dilute  discharge  of  Hg,  Fg,  or  SFg  in  an  inert  gas  are  used  for  initiation, 
raising  the  possiblity  that  resultant  energetic  metastable  atom  populations  are  pre- 
sent (Ref,  10),  These  metastable  atoms  might  conceivably  interfere  with  the  mechanism 
under  investigation  via  metastable  transfer  collisions  which  here  might  result  in 
Fg  dissociation  or  HF  excitation.  In  studies  involving  discharged  SF^,  S and  SFX 
species  always  are  present  adding  additional  uncertainty  in  evaluating  basic  chain 
reaction  and  relaxation  phenomena.  In  the  present  flow  tube  chain  reaction  experi- 
ment spurious  metastable  and  contaminant  effects  are  avoided  by  dissociating  the 
fluorine  at  low  pressure  in  a thermal  heater.  The  experiment  is  conducted  at  low 
pressure,  low  concentration  of  reagents,  and  lav  initial  dissociation  of  Fg;  under 
these  conditions  the  chain  reaction  can  develop  uniformly  in  a subsonic  flow  with 
small  temperature  rise  over  a distance  much  longer  than  the  time  for  mixing,  thus 
tending  to  isolate  the  mixing  process  and  control  the  heat  release  for  study  of 
basic  processes,  via  accumulation  of  spectral  data  over  a wide  range  of  key  experimental 
parameters,  Tabic  I, 


With  a thermal  flow  tube  approach  it  was  possible  to  devise  a configuration 
which  was  compatible  with  state  of  the  art  Fg  uv  absorption  techniques  (Refs.  11,  12), 
thus  an  attempt  could  be  made  to  obtain  F atom  information  by  difference  of  Fg  absorp- 
tion signals  an  dissociator  temperature  is  increased.  Alternative  methods  such  as 
titration  of  resultant  F/Fg  mixtures  for  F would  be  difficult  because  of  possible 
confusion  with  Fg  reactions  5 direct  ESR  calibration  of  a flow  tube  would  rlso  be 
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TABLE  1 


VERIFICATION , OF  MODEL 


Select  Run  Conditions  to  Check  the  Various  Kinetic  Mechanisms 


1.  Back. Reactions 


a.  Stoichiometry,  Fg 


2.  W 


a.  HF 

b.  h2 

VT  Rates 

a.  Fctnv\of  V 
[b.  T] 

[c.  Atcai  Effects] 
Chain  Branching 


a.  P 


5.  Chem.  Kinetics 


a.  He:Cd  Laser  Absorption  for  F2 
[6.  Primitive  Distribution] 


Note:  Items  in  Brackets  Identified  but  Not  Objective  of  Exploration 

in  Present  NRL  Program 
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III.  DESCRIPTION  OF  FLOW  TUBE  REACTOR  EXPERIMENT 


Approach 

In  order  to  obtain,  kinetic  information  for  the  cw  Hg/Fg  chain  reaction  laser  a 
thermally  initiated  flow  reactor  tube  experiment  has  been  conducted  to  study  the 
population  of  vibrational  levels  in  HF  generated  by  the  chain  reaction  of  Hg  with 
F2  employing  spontaneous  emission  and  Fg  uv  absorption  diagnostics  (Fig.  l).  Emphasis 
has  been  placed  on  measuring  the  high-lying  vibrational  levels  in  HF  attained  in 
the  pressure  region  1-10  torr  via  Av  = 3 overtone  spectroscopy. 


Apparatus 

The  experiments  have  been  conducted  in  a 5 cm  di a flow  reaction  tube  with  highly 
dilute  mixtures  of  Hg  and  F2  in  Argon,  n^ar  room  temperature  and  uniform  subsonic 
flow  conditions  having  a velocity  v ~ lCr  cm/sec.  The  chain  is  initiated  in  a con- 
trolled manner  by  thermal  partial  dissociation  of  F2  at  low  pressure  in  a nickel 
core  located  inside  a commercial  tube  furnace  (Fig.  2).  Changes  in  F2  concentration 
in  the  dissociator  are  monitored  via  absorption  of  a uv  probe  laser  to  provide  a 
check  on  the  degree  of  dissociational  equilibrium  attained  and  the  stability  of  Fg 
flow,  conditions.  Low  overall  Fg  concentration  and  near  room  temperature  conditions 
are  achieved  by  dilution  with  Argon  diluent  and  additional  cold  Fg  injection.  Angled 
injection  of  Hg  and  additional  Argon  diluent  through  orifices  in  a row  of  small  tubes 
acheives  substantial  mixing  in  about  5 cm  (Fig,  3).  Spontaneous  emission  from  the 
reacting  flow  is  monitored  through  slotted  window  ports  at  various  stations  along 
a 1 meter  length  of  reaction  tube.  A viewing  port  just  upstream  of  the  Hg  mixer  is 
provided  to  observe  back  streaming  or  back  diffusion  effects  if  any.  Fg  dissociator, 
Fg  dilution,  Hg  injector  and  flow  tube  reactor  components  were  designed,  fabricated 
and  assembled  under  this  contract  study.  A photograph  of  the  assembled  experiment 
is  shown  in  Fig.  4. 


Test  Conditions 

The  flow  tube  reactor  experiment  is  installed  in  one  of  the  chemical  laser  labs 
at  UTRC.  This  equipment  has  access  to  the  10  lb  Fp  supply  system  in  that  lab  via  an 
inter-locked  crossover  control  system.  Metering  or  the  Fg  flow  is  accomplished  with 
pyrex  tube  rotometers  and  bellows  sealed  needle  valve  control.  A sodium-bifluoride 
trap  removes  contaminant  HF  from  the  Fg  flow  prior  to  the  meters,  cleaning  the  Fg 
flow  and  preventing  etching  of  the  glass  tubes.  The  experiment  is  connected  to  the 
mechanical  vacuum  pumping  system  for  that  lab,  consisting  of  a 4000  CFM  Leybold- 
Heraeus  mechanical  lobed  impeller  booster  backed  by  a pair  of  400  CFM  Trochoidal 
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pumps.  The  vacuum  connection  is  made  with  a 4- in,  line  which  provides  about  hall  of 
the  system  pumping  capability  at  the  experiment,  adequate  for  pumping  a 10  cm  dia 
flow  tube  at  a velocity  of  lCr  cm/sec.  Access  to  this  vacuum  line  from  the  main 
vacuum  line  of  the  pumping  system  is  via  two  4-in.  gate  valves  in  series.  A 4-in. 
chevron  type  LN2  baffle  between  these  valves  provides  cryogenically  cooled  isolation 
of  the  experiment  from  contaminants  in  the  vacuum  system.  The  large  booster  pump 
is  used  to  outgas  the  experiment  at  dead  ended  booster  pressures  of  about  10  terr; 
pumping  of  Ho0  vapor  and  other  condensables  is  then  provided  by  the  large  in-line 
chevron  baffle  area.  The  Fg  supply  and  cw  vacuum  system  are  sv "ficient  tc  provide 
long  (several  hours)  test  periods  for  gathering  of  spectral  information. 


Instrumentation  and  Equipment 

Other  components  used  in  the  experiment  are  a 4- ft  x l?.-ft  optical  table  on 
which  the  experiment  is  assembled,  a commercial  3.6  Kw  regulated  tube  heater  capable 
of  temperatures  up  to  1200°C;  a 12  port  pressure  s camming  fluid  switch  for  monitoring 
the  pressure  distribution  in  the  experiment  at  several  locations  with  a single  trans- 
ducer; and  a Lyconix  3 mw  uv  probe  laser  (3250  X)  for  Fg  absorption  studies, 

A spectral  data  acquisition  system  has  been  assembled  for  this  experiment 
(Fig.  4).  A l/2  m Jarrell-Ash  monochromator  was  used  which  has  been  provided  at 
UTRC  with  a shaft  encoder  on  the  grating  drive.  A 6-in.  dia  0.5  m focal  length 
torroidal  mirror  is  used  for  imaging.  Spatial  traversing  capability  of  the  spectral 
equipment  on  the  lj-ft  x 12-ft  optical  table  is  provided  and  access  to  a standard 
black  body  source  is  available  at  any  spatial  station  via  a rotatable  mirror.  A 
UTRC  spectrometer  control  system  (Fig.  4)  was  used  for  automatic  acquisition  of 
wavelength  coded  spectral  intensity  data  in  digital  form  using  the  above  shaft 
encoder  for  a selected  test  condition;  for  most  data  it  was  sufficient  to  examine 
results  in  analog  form  on  a strip  chart. 
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TV.  THERMAL  DISSOCIATION  OF  ?2 


Approach 

It  is  desirable  to  operate  the  F2  dissociator  with  high,  near  unity,  F2  mole 
fractions  in  order  to  minimize  the  heat  transfer  required  to  achieve  a given  gas 
temperature . Also  this  allows  cooling  of  the  gas  by  subsequent  dilution  for  achiev- 
ing the.'  desired  near  room  temperature  fully  diluted  gas  mixture  at  the  IL,  injector* 
In  addition,  a low  pressure  level  in  the  dissociator  is  desired  to  reduce  the  sig- 
nificance of  volume  recombination  of  F in  the  process  of  dilution  of  the  hot  disso- 
ciator f/f2  effluent  with  cold  inert  gas  and  additional  cold  Fg.  Then  at  5-10  torr 
Fp  pressure,  if  the  path  length  is  a substantial  fraction  of  a meter,  it  appears 
feasible  based  on  prior  studies,  (Refs.  11,  12)  to  include  a uv  probe  laser  absorp- 
tion diagnostic  of  F2  in  the  dissociator  to  check  on  the  disappearance  of  F2  at  high 
temperature  levels  due  to  dissociation.*  The  design  of  the  dissociator  (Fig.  2), 
was  based  on  these  criteria.  The  absorption  of  the  uv  by  F2  will  occur  primarily  in 
the  dissociator  since  the  Fq  concentration  in  the  rest  of  the  beam  path  is  very  low, 
having  been  diluted  rapidly  at  near  constant  pressure  with  inert  gas.  Any  F atom 
information  obtained  from  the  uv  absorption  would  be  relevant  to  the  p .atom  concen- 
tration at  the  Hg  injector  since  heavy  species  boundary  layer  growth  in  the  F2  dilu- 
tion section  will  be  small  for  planned  flowrates  at  5-10  torr  and  volume  recombina- 
tion of  F should  be  slow. 


F2  Dissociation  at  Low  Pressure 

The  equilibrium  levels  of  F2  dissociation  in  the  1-10  torr  pressure  region  have 
been  calculated  using  thermodynamic  information  available  in  the  literature  on  F2 
(Ref.  13).  Results  (Fig.  5)  show  that  substantial  equilbrium  dissociation  levels 
can  be  achieved  at  low  pressure  below  T = 1000°K.  Such  a temperature  level  is  con 
sistent  with  the  strength  and  fluorine  resistance  properties  of  nickel,  the  material 
used  to  fabricate  the  dissociator. 


At  low  pressure  the  time  to  reach  dissociational  equilibrium  in  F2  can  be  long. 
Based  on  the  known  volumetric  dissociation-recombination  processes  (Ref.  14)  a lin- 
earized step  by  step  solution  for  F-atom  density  n^  ^ = nF  + 6n  was  devised. 


Such  an  absorption  measurement  here  requires  a resolution  and  stability  of  ± 0.25 
- 0.5$  in  detecting  probe  laser  intensity  change  which  is  difficult  but  based  on  the 
prior  studies  appeared  to  be  a reasonable  objective  to  accomplish. 
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A time  to  raaeh  90$  of  equilibrium  F?  dissociation  at  5 ten  f' r 10G0°K,  u^q  - O.54, 
of  10  r.econds  ws.s  r.,_^oul«wta.  At  lower  temperatures  and/or  pressures  the  time  to 
reach  equilibrium  would  increase  further.  The  actual  residence  time  i*  the  disao- 
ciator  at  5 torr  for  a 1$  Fg  condition  in  the  flow  reaction  tube  will  be  less  than 
10  seconds;  when  all  th s F2  flows  through  the  dissociator  the  F2  residence  time  in 
the  dissociator  is  about  0.5  sec  while  if  some  Fg  is  added  after  the  dissociate*  with 
the  dilution  gas  then  the  F2  flowrate  to  the  dissociator  can  be  reduced  and  residence 
time  increased  to  a limit  here  of  about  5 sec.*  Hence  e true  equilibrium  condition 
would  not  be  expected  and  surface  effects  likely  will  be  significant.  Experimental 
information  on  F,/ F2  surface  interac  ion  is  increasing,  (Ref.  15),  but  at  this  time 
no  attempt  has  been  made  to  account  for  this.  Rather  it  is  expected  that  a stable 
repeatable  value  of  F2  dissociation  will  be  achieved  since  tenqperature  stability  and 
repeatability  can  be  obtained  and  long  operating  times  are  possible.  Knowledge  of 
the  average  absorptive  properties  of  the  Fp  in  the  final  flow  path  through  the  dis- 
sociator via  the  uv  absorption  diagnostic  then  can  provide  valuable  guidance,  par- 
ticularly in  assigning  at  this  time  an  upper  limit  to  the  level  of  dissociation 
actually  acnieved. 


Temperature  Levels  and  Distribution  Measured  in  Dissociator 


The  actual  temperature  levels  and  distribution  that  have  been  achieved  in  the 
nickel  dissociator  with  a 3 KW  regulated  commercial  tube  heater  are  shown  in  Fig.  6. 
It  can  be  seen  that  good  control  of  temperature  level  to  the  region  of  interest  is 
possible,  a maximum  of  930°K  having  been  achieved  with  about  a 960’k(685°c)  set 
temperature  of  the  tube  heater.  Temperature  gradients  exist  along  the  dissociator, 
however,  about  a 10$  absolute  difference  in  T between  x = 0 and  x = 12  as  measured 
at  r = 1"  and  20$  between  x = 12  and  x = 24  at  r = 1;  but  only  10$  between  x * 12, 
r = 1 and  x =24,  r =0.  Such  gradients  obviously  would  complicate  the  problem  of 
predicting  the  dissociational  performance  still  further  here.  It  would  be  possible 
based  on  the  above  data  to  calculate  the  acial  heat  flux  in  the  dissociator  and  to 
improve  the  temperature  distribution  by  providing  additional  distributed  heat  addi- 
tion. Heating  tap ;s  are  already  provided  at  the  ends  of  the  dissociator  and  it  is 
likely  that  such  additional  heat  addition  would  have  to  be  more  closely  coupled 
thermhlly  to  the  nickel.  As  long  as  sufficient  F atoms  are  being  produced  it  is  not 
absolutely  necessary  to  do  this . 


A practical  limit  of  about  5 sec  to  dissociator  residence  time  will  be  set  by  a lower 
limit  to  Fg  flow  rate  through  the  dissociator  below  which  uniform  supply  of  hot  Fp 
to  the  dilution  stage  will  not  be  maintained  through  the  seven  hole  pattern,  (Fig.  2); 
radial  pressure  gradients  induced  by  the  injected  F0  dilution  gases  can  interfere 
with  the  distribution  of  sub-ionic  flow  through  this  pattern.  For  present  operating 
points  a special  check  was  made  on  the  radial  pressure  variation  at  the  injector 
when  no  flow  was  prese.»o  in  the  dissociator  to  insure  that  subsequent  flow  through 
the  s*ven  hole  pattern  would  be  relatively  uniform. 
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V.  MEASUREMENT  OF  F2  UV  ABSORPTION  IN  DISSOCIATOR 
WITH  A 3250A  PROBE  IASER 


Approach 

Two  paths  have  been  provided  for  uv  laser  probe  beams  through  the  dissociator 
(Figs.  2,  7),  One  path,  for  the  primary  probe  beam,  is  along  the  center  line  of  the 
dissociator,  observing  the  F£  flowing  along  a final  pass  through  the  dissociator  in 
a 1/2"  internal  nickel  tube.  This  beam  passes  through  the  center  hole  of  the  seven 
hole  dissociator  dilution  feed  section  into  the  Fg  dilution  region.  Subsequently, 
the  beam  passes  between  the  center  two  rows  of  tubing  in  the  Hg  injector  and  is 
coupled  out  of  the  system  through  a quartz  window  after  the  reaction  tube.  A second 
probe  laser  beam  path  is  through  an  internal  bypasc  tube  in  the  dissociator  contain- 
ing only  purge  gas;  the  probe  laser  beam  along  this  path  views  only  the  diluted  Fg 
after  the  dissociator,  i.e.,  the  background  signal  level  encountered  also  by  the 
primary  beam.  Tests  have  shown  that  the  absorption  of  this  second  background  beam 
by  diluted  Fg  is  indeed  small  as  expected.  Moreover,  the  primary  beam  absorption 
is  not  very  sensitive  to  Fg  added  after  the  dissociator  in  the  dilution  section  con- 
firming that  the  technique  results  primarily  in  observation  of  in  the  dissociator. 


Temperature  and  Pressure  Scaling  of  uv  Datn 

Correlation  of  the  Fg  dissociator  uv  absorption  data  to  date  has  been  attempted 
using  the  estimated  average  dissociator  temperature  values  indicated  for  each  tube 
heater  temperature  setting  in  Fig.  6.  These  values  were  obtained  from  a)  the  r = 1 
data  between  x = 0 and  x « 18  and  b)  the  r = 0 data  from  x = 18  to  x = 24.  Here  a) 
probably  represents  a good  approximation  to  the  actual  temperature  of  the  l/2"  inter- 
nal nickel  tube  and  Fg  gas  between  x = 0 and  18  and  b)  are  actual  wall  and  approxi- 
mate gas  temperature  values.  Viscous  losses  in  pressure  of  the  Fg  in  the  dissociator 
are  generally  small  and  at  this  time  the  pressure  measured  with  a transducer  at  a 
wall  tap  located  at  x =0,  sensitive  to  the  pressure  of  the  Fg  entering  the  uv  view- 
path,  has  been  used  to  correlate  the  data.  Actually  a small  amount  of  measured  Ar 
purge  gas  flow  enters  the  dissociator  at  this  point  through  a tube  from  the  uv  window 
region.  This  purge  flow  is  generally  less  than  20$  of  the  Fg  dissociator  flow  and 
is  heated  significantly  in  flowing  along  the  hot  window  purge  tube.  The  final  data 
correlation  has  been  made  relative  to  the  resultant  partial  pressure  of  Fg  in  the 
viewpath . 
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Technique,  Sensitivity,  Stability 
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The  differential  absorption  technique,  employed  is  sho>m  in  Fig.  7.  A 400  Hz 
mirror  chopper  is  used  to  provide  l80°  phase  shifted  probe  and  reference  laser  beams 
of  almost  equal  intensity  from  the  same  source.  The  waveforms  of  probe  and  reference 
beams  as  viewed  on  an  oscilloscope  are  quite  similar  but  not  square,  a consequence  of 
the  mirror  chopper  oscillation  amplitude  being  about  equal  to  laser  beam  diameter. 

The  beams  are  combined  on  an  end-on  photo  tube  (RCA  8575).  Quartz  lenses  in  each 
beam  just  before  the  photo  tube  (not  shown  in  Fig.  7)  are  used  to  enlarge  each  beam 
spot  size  on  the  detector  area  to  minimize  nonlinear  response.  A check  t’  made  to 
ensure  that  the  photo  tube  response  is  not  sensitive  to  slight  changes  in  beam  posi- 
tion on  the  detector.  A differential  probe  beam  signal  at  400  Hz  is  observed  with 
a lock  in  amplifier  and  with  no  Fq  in  the  dissociator  a null  is  achieved  via  slight 
adjustment  of  probe  or  reference  beam  intensities  with  adjustable  irises  (not  shown 
in  Fig.  7).  Linearity  was  obtained  by  coupling  the  signals  into  the  detector  at 
reduced  intensity  off  a quartz  flat.  With  the  laser  (Lyconix  model  303)  adjusted 
for  stable  operation  at  about  2-3  mw  output  on  a TMq^  mode  a system  stability  of 
l/lc  & ±0.4$  over  a time  period  of  about  10-20  seconds  was  achieved  sufficient  to 
obtain  some  absorption  information  here  by  switching  F2  on  and  off.  The  stability 
determination  was  made  by  calibrating  with  a known  reflective  loss  of  about  8$ 

(quartz  flat)  inserted  in  the  probe  beam  near  the  detector.  Linearity  was  demon- 
strated by  insertl ng  two  quartz  flats . 


F2  Absorption  Results 
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Measurement  of  F2  absorption  at  room  temperatures  in  the  dissociator  indicated 
about  a 12$  absorption  at  5 torr  quite  close  to  the  level  predicted  for  a path  length 
of  60  cm  based  on  existing  extinction  coefficient  data  e = 3*75  Vmole"'ra  at  25°C 
and’3250A  (Refs.  16,  17).  The  absorption  data  are  obtained  by  switching  the  F2  flow 
on  and  off.  A long  clearing  time  is  required  upon  switching  i'2  off  and  data  points 
have  been  obtained  only  upon  switching  F2  on  after  a stable  initial  signal  was  pres- 
ent. Absorption  data  a in  $ for  various  dissociator  temperature  and  F2  flow  rate 
levels  (dissociator  pressure)  are  shown  in  Fig.  8.  Values  of  a have  been  normalized 
with  respect  to  measured  F2  partial  pressure  in  the  dissociator  and  the  resultant 
data  are  correlated  with  the  measured  dissociator  pressure  for  the  various  temperature 
levels  set  during  the  tests . 


^Conversion  of  - 3*75  to  absorptivity  yields  a value  0'  = 4.6  x 10')4  cm"’*'  torr-"1-, 
differing  by  in  (10)  with  or1  values  used  in  Ref.  12. 


MEASURED  Fo  ABSORPTION  IN  DISSOCIATOR 
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There  is  more  scatter  evident  in  this  data  set  than  desired  perhaps  due  to 
residual  Fg  in  the  path  prior  to  switching  Fg  on.  Results  at  lower  temperatures 
for  tube  heater  settings  Tset  = RmT,  225,  425°C,  where  little  dissociation  is  ex- 
pected indicate  that  the  absorption  is  scaling  correctly  with  pressure  and  indicate 
that  the  length  of  the  absorbing  column  remains  constant  as  Fg  flow  rate  is  varied. 

In  scaling  with  temperature  the  data  for  average  dissociator  temperature  TD  = 660°K 
is  quite  close  to  a value  scaled  inversely  with  temperature  (i.e.,  the  change  in 
density)  from  the  room  temperature  data,  while  data  at  483°K  at  this  time  appears 
high.  Data  for  T^  = 830,  880°K  fall  below  the  inverse  T scaling  slightly.  Bata  up 
to  100°C  in  Ref.  16  indicate  little  or  no  change  in  absorptivity  with  T for  molecular 
Fg.  The  shift  in  absorption  that  would  occur  if  equilibrium  dissociation  prevailed 
and  Fg  absorption  remains  constant  is  shown  in  Fig.  8.  An  examination  of  the  ab- 
sorption expected  for  equilibrium  dissociation  at  930° K,  the  high  temperature  point 
achieved  locally  in  the  dissociator,  suggests  that  the  dissociation  achieved  is 
definitely  below  this  level.  The  closeness  of  most  of  the  T^  = 880°K  data  to  the 
830°K  data  suggests  that  less  than  equilibrium  dissociation  may  prevail  at  T^. 

Further  study  is  definitely  needed  but  at  this  time  an  upper  limit  to  Fg  dissocia- 
tion somewhat  below  the  equilibrium  value  at  Tp  is  suggested.  Because  of  the  scat- 
ter of  the  present  data  the  lower  limit  derived  from  the  present  results  would  be 
zero  dissociation;  hence  suggesting  that  a separate  calibration  such  as  ESR  to  mea- 
sure F directly  and  obtain  a lower  limit  value  would  be  useful  for  these  conditions. 


In  much  of  the  emission  spectral  data  presented  below,  P was  ~5  torr  and  the 
tube  heater  was  set  at  Tset  * 640°C.  The  ratio  of  Fg  bypassing  the  dissociator  to 
dissociator  F£  flow  was  about  3«  An  upper  limit  of  “p  = 2 % is  suggested  by  the  uv 


data  for  these  conditions . 
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VI.  OVERTONE  HF  EMISSION  SFECTROSCOFY  RESULTS 


Spectroscopic  Measurements 


Spectroscopic  measurements  were  made  of  the  AV  = 3 sequence  of  HE  emission, 
extending  from  8600  A to  1.05  microns.  The  P and  R branches  of  the  3-0,  4-1, 
5-2,  and  6-3  transitions  were  well  resolved  and  the  amplitude  of  individual  rota- 
tional lines  were  measured.  The  system  which  measures  this  emission  is  described 
below,  and  the  data  reduction  procedure  is  outlined  immediately  thereafter. 


The  chemiluminescent  emission  from  excited  vibrational  states  of  HP  in  the 
reaction  tube  is  collected  through  sapphire  windows  (which  transmits  visible  to  6*x) 
by  a six-inch  gold  toroidal  mirror  of  one-half  meter  focal  length.  Two  turning 
mirrors  permit  either  this  emission,  or  the  emission  from  a Barnes  Engineering  black- 
bedy  source,  to  be  focused  on  the  entrance  slit  of  a 0.5  meter  Jarrell  Ash  mono- 
chromator. The  collected  light  is  chopped  by  a PAR  model  125  chopper  at  the  entrance 
slit.  The  limiting  aperture  of  the  optical  system  is  the^monochromator  aperture 
which  is  f:8.6.  A 590  grooves/mm  grating  blazed  at  6000  A is  used  for  this  wavelength 
range.  The  detector  employed  is  an  EMI  9684b  photomultiplier  which  has  an  S-l  photo- 
cathode spectral  response.  Although  this  type  of  tube  is  notorious  for  noise,  it  is 
the  only  type  which  covers  the  desired  range.  Noise  is  reduced  by  at  least  a factor 
of  100  by  use  of  cooling  to  -60°C  in  a Products  for  Research  cooled  housing.  The 
chopped  signal  is  processed  with  a PAR  HR-8  Phase  Sensitive  Detector  and  recorded  on 
a 10-inch  recorder.  A typical  spectrum  of  the  AV  = 3 sequence  is  illustrated  in  Fig. 
9.  The  AV  = 4 sequence  has  been  recorded  also,  as  shown  in  Fig.  10.  Note  that  the 
8-4  transitions  can  be  observed,  although  not  quantitatively  measured. 

The  spectrometer  system  is  calibrated  with  regard  to  sensitivity  by  recording 
the  emission  from  the  black-body  source  as  a function  of  wavelength  under  carefully 
prescribed  conditions  and  optimized  optical  alignment.  This  curve,  when  divided  by 
the  radiance,  N(\),  in  wat t s/ cm^ -A- ste radian,  of  the  black-body  source  at  the  given 
temperature , defines  the  sensitivity  of  the  spectrometer  over  the  spectral  slit 
width  of  the  monochromator.  Division  by  the  spectral  slit  width  (equal  to  the  linear 
dispersion  of  the  monochromator  times  the  physical  slit  width)  then  yields  the  appara- 
tus constant 
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The  chemiluminescent  emission  from  HF  is  recorded  under  conditions  of  slit  width, 
detector  sensitivity,  optimum  optical  alignment,  etc.,  so  that  the  maximum  signal 
is  accepted  from  the  reactor  as  was  received  from  the  black-body  source.  The 
recorded  spectra  are  then  identified  by  knowing  approximate  wavelength  on  the  chart 
and  by  reading  precise  values  from  Meridith,  Ref.  18,  or  from  Proch  and  Wanner,  Ref. 
19.  Identification  is  obvious  for  the  AV  = 3 and  AV  = 4 sequence  transitions  since 
these  transitions  are  nonoverlapping  and  well-resolved  as  may  be  seen  from  Figs.  9 
and  10.  The  P and  R branch  lines  are  identified  and  the  peak  heights  are  read  and 
recorded  in  millivolts.  For  each  line,  the  CApp  value  is  taken  from  the  C Ap.  vs  X 
curve  for  the  appropriate  wavelength  value  and  the  peak  height  of  the  given  line  is 
divided  by  CApp.  One  now  has  the  vibrational-rotational  line  absolute  intensity  in 
unit  of  watts/ cm2-steradian  from  which  the  vibrational  population  and  the  rotational 
temperature  may  be  obtained. 

The  absolute  intensities  are  given  by  the  following  formula 


7 V'J'  { 2 J ' +1 ) , - J * ( J 1 +1 ) \ „ .pvl 

hvc  v anr1  exp  ( 1 v™ 


the  individual  terms  have  the  following  meaning 


10~^  converts  watts  to  err  spo*' 


Vi  puts  intensity  on  stored Ian  ■*-  basis 


h Planck's  constant 


a/,  t Einstein  coefficient  for  7 V -I  ,'tak  ..  < rom  f.iieo,  -:ei'.  20 ) 

V 1) 


frequency  in  can-1 


Cr  Rot.,-,  lion:  1 1 partition  function  for  par:  i-'U'nr  ’ l°vel  of  i tit  crest; 
her°  approximated  by: 
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If  the  equation  is  recast  as 


J-  * exp  [-  ^^4 

Denom  Qp 


v'J'  10  ~7 

where  Denom  is  hcv  A,^  j x j+r. 


then  the  slope  of  l/Denom  vs  J'(J'  + 1)  yields  QRqt  (hence  Trq-p),  and  W,.«lXj  may  be 
found  from  the  intercept.  [X]  is  the  depth  of  field  of  the  light  gathering  system. 
For  the  1M  toroid,  the  depth  of  field  is  measured  to  be  about  7. 5 cm.  Hence,  the 
diameter  of  the  reaction  tube  limits  the  path  length  over  which  emission  is  collected 
to  5 cm.  In  detail: 

In  l/Denom  = In  - J'fJ'+l)/^ 


./_  - Nv*  r xi  j‘(j'+i: 

log  I/D  * log 


1 V* 

Slope  = - i73^RoT  (from  Logio  Pl0t^ 


slope 


= S»T  x lA3  x V 


The  Nv  is  determined,  the  vibrational  temperature  may  be  determined  from  a 
plot  of  I.  ersus  the  vibrational  quantum  number  V.  A typical  plot  of  the  reduced 
intensity  versus  J(J+1)  is  shown  in  Fig.  11.  A plot  of  vibrational  populations  against 
V is  shown  in  Fig.  12.  It  is  estimated  that  the  derived  quantities,  TR,  N^t  and 
are  accurate  to  about  ±10%;  however,  a detailed  error  analysis  has  not  been  made 
yet.  The  mr.'or  source  of  random  error  is  from  the  reading  of  the  peak  heights 
of  the  vibrational- rotational  lines.  Systematic  errors  arise  from  nonopfcimum  align- 
ment of  the  optical  system  and  error  in  the  temperature  reading  of  the  black-body 
source.  A type  of  "theoretical"  error  arises  from  uncertainties  inthe  value  of  the 
Einstein  coefficients. 


Initial  Experimental  Results 


Stable  repeatable  overtone  spectra  were  obtained  during  initial  tests  at  a 
viewing  port  20  cm  from  the  Ho  injector  with  5 torr  reaction  tube  pressure  and  disso- 
ciator  temperature  settings  giving  calculated  (equilibrium)  initial  Fp  dissociation, 
a,  in  the  range  a - 1-5%.  Strong  Av  = 3 bands  were  observed  corresponding  to  v = 3-0, 
4-1,  5-2,  and  6-3  P and  R branch  transitions.  In  addition  Av  = 4 transitions  were 
observed  corresponding  to  v = 8-4,  7-3 > 6-2,  5-1  and  4-0  transitions.  Reduction  of 
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| Av  = 3 spectra  showed  consistent  definition  of  a rotational  temperature  TR  ~ 320°K, 

1 and  a linear  logarithmic -vibrational- level  population  variation  with  v indicating 
I a vibrational  temperature  TV  h900°K.  These  initial  results  suggested  populations 

! for  v = 3 are  of  the  same  order  as  values  predicted  by  the  present  UTRC  1-D  sche- 

§ 

I duled  mixing  computer  code  and  these  measured  populations  fall  off  somewhat  faster 
| at  higher  V levels  than  predicted.  These  results  at  x = 20  cm  corresponded  to  a 

| , flow  time  Tf  ~ 2 ms,  about  a factor  of  6 longer  than  reported  in  prior  studies 

I (Ref.  21).  Or ange/yellow/ green  visible  emission  was  observed  at  other  viewing  ports 
| in  the  experiment,  likely  due  to  emission  from  low  J\  Av  = 5 transitions.  Yellow- 
| green  emission  from  the  last  port  at  x = 90  cm  has  been  observed.  With  fixed  F2 

I flow  through  the  dissociator  the  intensity  of  visible  emission  and  overtone  emission 

| is  observed  to  increase  with  increasing  cold  Fo  flow,  a positive  indication  that  the 

I chain  reaction  is  operative.  No  visible  emission  has  been  observed  from  a viewing 

| port  upstream  of  the  H2  injector  indicating  that  backstreaming  of  H2  does  not  occur 

| significantly.  Spectral  data  were  obtained  at  x = 20  cm  for  two  dissociator  temperature 
| settings,  T-q  ~ 920  , 980°K;  2 values  of  Hg  flow,  H?/F2  ~ 3 and  H0/F2  ~ 1;  and  two  Ar 

| purity  grades,  99-995  and  99*9999.  Results  appear  part icularly^ sensitive  to  Hgj 

| are  affected  somewhat  by  dissociator  temperature;  while  Ar  purity  has  had  no  detec- 
§ table  effect  on  the  observed  spectra.  F2  uv  absorption  data  at  3250  A indicated  the 

| stable  addition  of  F2  to  the  dissociator  at  expected  concentrations. 


•.  Distribution  of  Vibrational  Level  Populations  with  Distance 

fc 

| A baseline  case  of  total  pressure  = 5 torr,  F2  ~ 1%,  H2  ~ 3%,  Ar  - 96p/0  was  used 

; to  examine  the  V = 3 through  V = 6 populations  as  a function  of  distance  from  the 

mixer  (hydrogen  injector).  These  are  nominal  values  of  conditions;  a calibration  of 
| all  gauges  has  been  made  and  exact  values  for  tests  are  available . The  thermal 
v dissociation  was  set  to  64o°C.  The  linear  flow  velocity  is  nominally  10^  cm/sec. 

| The  results — vibrational  level  populations, rotational  temperature  and  vibrational 

f temperatures — are  tabulated  as  a function  of  distance  in  Table  2.  Good  reproduci- 

1 bility  is  indicated  by  the  two  entries  for  40  cm,  obtained  on  different  days.  The 

experimentally  observed  vibrational  level  populations  are  presented  in  Fig.  13 . 

The  rotational  temperature  estimated  from  this  data  are  reasonable,  considering  the 
high  dilution  of  room  temperature  argon.  Typical  plots  for  determining  Ny  and  T^ 
were  given  in  Fig.  11.  For  all  distances  along  the  flow  tube  for  this  baseline 
case,  a Boltzmann  distribution  of  vibrational  levels  was  observed;  an  example  was 
shown  in  Fig.  12.  The  slow  cooling  of  the  vibrational  temperature,  see  Table  2, 
is  indicative  of  some  slow  relaxational  process;  radiation  losses,  and  VT  collisional 
losses  occurring  at  these  low  partial  pressures  of  the  II2,  F2  and  HF. 


These  experimental  results  are  not  in  agreement  with  predictions  of  the  existing 
model  in  that  the  model  tends  to  predict  more  nearly  constant  values  of  level  popu- 
lation along  the  tube  rnd  a nonBoltsrnannian  vibration  level  population  distribution 
at  higher  v levels.  Done  basic  features  of  the  analytical  results  are  discussed 
in  a subsequent  section  of  this  report. 
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a.  Units  are  10  ° moleeulos/cc 

b.  Average  of  3 "*  0,  4 * 1 values,  probable  error  is  Less  than  LG1/' 

c.  from  Nv  vs  V,  probable  accuracy  I0> 

d.  data  collected  on  a different  day 
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Effect  of  Dissociator  Temperature  and  Hg  Flowrate 

Table  3 shown  below,  presents  the  effect  of  increased  dissociator  temperature 
and  also  the  effect  of  decreased  Hg  flow  (providing  stoichiometric  H2/F2 ) . These 
data  were  taken  by  viewing  emission  from  one  port  only.  The  increase  in  vibrational 
populations  is  due  to  the  increased  degree  of  dissociation  of  F0  exiting  the  disso- 
ciator. The  increase  in  vibrational  population  from  the  decrease  in  Hg  flow  may 
arise  from  the  effect  of  reduced  W relaxation  by  collisions  with  Hg  molecules. 
However,  this  is  not  a conclusive  result  and  further  study  is  definitely  called  for. 


Table  3 

Vibrational  Level  Populations  as  a Function  of 
Temperature  and  H /Frt  Stoichiometry 
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.041 

.052 

units: 

10+13  molecules/ cc 

Oxygen  Effect 

The  addition  of  oxygen  with  the  cold  F2  that  bypasses  the  dissociator  had  no 
noticeable  effect.  Oxygen  up  to  50$  of  the  F2  flow  was  investigated,  and  there  was 
no  obvious  change  in  the  amplitude  or  distribution  of  the  spectral  lines.  This 
preliminary  result  indicates  that  once  the  chain  reaction  is  started,  the  oxygen 
inhibition  has  little  effect.  However,  if  Op  contamination  of  Fg  is  significant  to 
begin  with,  then  a saturation  effect  of  02  on  inhibition  may  occur  (Refs.  22,  23) 
andthe  conclusion  stated  here  is  tentative. 


Low  Pressure  Results 

Some  interesting  results  were  obtained  at  low  pressure,  P ~ 1 torr.  The  vibra- 
tional distrubutions  for  3 different  cases  are  shown  in  Fig.  14.  These  cases  are 
as  labeled  with  nominal  conditions.  A.  - 1 torr,  ~ 1$  F2,  ~ 3$  Hg,  Tdiss  s 

590° C:  B.  Conditions  held  constant,  but  cold  Fg  diluent  increased  by  a factor  of 
2;  C.  Conditions  held  constant,  Fg  flow  through  dissociator  decreased  by  a factor 
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of  2.  The  interesting  point  about  these  data  is  the  departure  frctn  a Boltzmann 
vibrational  distribution,  as  demonstrated  by  the  bump  in  these  curves.  Even  more 
interesting  is  the  comparison  of  this  data  with  the  existing  model  predictions  shown 
in  the  right-hand  side  of  Fig.  l4.  Although  the  absolute  values  and  pressures  are 
not  equal,  the  bumps  seen  in  both  figures  for  the  V = 5 and  6 levels  is  encouraging. 

Effect  of  Reaction  Tube  Wall  Material  on  Spatial  Ny  Distribution 

A summary  of  experimental  results  at  5 torr  pressure  is  shown  in  Fig.  15, 
including  results  with  a teflon  liner  inserted  inside  the  copper  flow  tube  reactor 
and  the  prior  data  (Fig.  13)  with  the  copper  tube  exposed-coefficient.  Teflon  has 
a much  lower  wall  recombination  for  H atoms  than  copper  (Ref.  24)  and  also  would 
lead  to  less  HF(V)  deactivation.  Some  effects  of  optical  reflection  from  teflon 
into  the  spectrometer  may  be  present  in  these  data.  This  would  shift  the  points 
at  x = 8,  21  and  4i  cm  down  slightly,  but  nevertheless  relative  effects  such  as 
the  observed  level  population  reduction  with  increasing  level  between  v = 3 and  6 
appear  valid  and  only  slightly  changed  by  wall  material.  Between  8 and  21  cm  the 
teflon  wall  results  do  not  exhibit  as  sharp  a drop  off  in  population  for  all  levels 
as  is  seen  in  the.  copper  wall  data.  Also,  a somewhat  reduced  rate  of  reduction  de- 
populations is  indicated  with  the  teflon.  This  suggests  that  H atom  diffusion  to 
the  wall  and  wall  recombination  has  had  a measurable  effect  on  the  copper  wall  data. 
The  observed  effects  here  are  larger  than  would  be  expected  from  a rough  estimate 
of  H atom  diffusional  loss  rate  compared  to  the  hot  reaction  rate  of  H with  F 2 but 
a review  of  the  topic  including  more  accurate  calculations  would  appear  worthwhile. 
Diffusional  loss  of  HF(V)  to  the  walls  would  be  much  lower  than  H atom  diffusion 
and  should  not  be  significant  here. 

The  rotational  temperature  spatial  distributions  inferred  from  emission  data 
are  shown  inFig.  l6a  for  the  teflon  wall  and  Fig.  16b  for  the  copper  wall.  The 
teflon  wall  has  resulted  in  reduced  scatter  of  rotational  temperature  data  and  a 
somewhat  enhanced  buildup  of  temperature  and  reaction.  Again  wall  loss  of  H atoms 
with  the  present  optical  depth  of  field  appears  to  have  had  a measurable  effect  on 
the  copper  wall. 
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AVAILABLE  EXPERIMENTAL  RESULTS  AT  5 TORR  ON  THE  DISTRIBUTION 
OF  HIGH  LYING  HF  VIBRATIONAL  LEVEL  POPULATIONS  IN  THE  F2/H2  CHAIN 

REACTION  FLOW  TUBE 


NOMINAL  CONDITIONS:  Xp  -1%  ; XH  = 3%;  v = .1U4  CM/SEC; 
r2  m2 

DISSOCIATION  TUBE  HEATER  SETTING,  T D = 640°C 
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NOTES  1)  ABSOLUTE  POPULATION  LEVELS  ARE  PRELIMINARY 

SINCE  WALL  AND  WINDOW  REELECTION  FACTORS  HAVE 
NOT  BEEN  APPLiED  TO  OVERTONE  EMISSION  INTENSITY  DATA  AS  YET 
2)  ULTRA  HIGH  PURITY  Hj  AND  Ar  GAS  CHECKS: 

NO  CHANGE  IN  EMISSION  AT  SELECTED  POINTS  WHEN  BASELINE  DRY  H2  AND 
H.P.  Ar  SWITCHED  SEPARATING  TO  HIGHER  PURITY  GRADES- 
COMBINED  TEST  NOT  AVAILABLE  AT  PRESENT 
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AVAILABLE  EXPERIMENTAL  RESULTS  AT  5 TORR  ON  THE  DISTRIBUTION 
OF  HIGH  LYING  HF  VIBRATIONAL  LEVEL  POPULATIONS  IN  THE  F2/H2  CHAIN 

REACTION  FLOW  TUBE 


NOMINAL  CONDITIONS:  XFj  =1%  ; = 3%;  v = .104  CM/SEC; 


DISSOCIATION  TUBE  HEATER  SETTING,  TD  - 640°C 


TEFLON  LINER  X = 0-55  CM;  COPPER  X = 55- -100  CM 


COPPER  WALL  a = 0 - 100  CM 


TEFLON 


COPPER 


DISTANCE  FROM  H2  INJECTOR,  X - CM 


NOTES  1)  ABSOLUTE  POPULATION  LEVLLS  ARE  PRELIMINARY 

SINCE  WALL  AND  WINDOW  REFLECTION  FACTORS  HAVE 
NOT  BEEN  APPLIED  TO  OVERTONE  EMISSION  INTENSITY  DATA  AS  YET 
21  ULTRA  HIGH  PURITY  H2  AND  Ar  GAS  CHECXS: 

NO  CHANGE  IN  EMISSION  AT  SELECTED  POINTS  WHEN  BASELINE  DRY  H2  AND 
H.P.  Ar  SWITCHED  SEPARATING  TO  HIGHER  PURITY  GRADES. 

COMBINED  TEST  NOT  AVAILABLE  AT  PRESENT 
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i EFFECT  OF  WALL  MATERIAL  ON  ROTATIONAL 

TEMPERATURE  EXPERIMENTAL  RESULTS 
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| NOMINAL  CONDITIONS:  P *■  5 TORR;  XFj  = 1%;  XHe  = 3%:  DISSOCIATION 

| TUBE  HEATER  SETTING,  Tq  = 640°C 
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VII.  ONE-DIMENSIONAL  KINETIC  MODEL  FOR 
THE  F2/H2  CHAIN  REACTION 


I Theoretical  Model 

t 

? 

i Theoretical  population  profiles  were  generated  from  the  solution  to  the  following 

set  of  kinetic  master  equations  (x  > ) : 

d(gy  u ) = 

dx 

JL  (nr  u)  = * NjN.  - Nk»v)  (chemical  pumping) 

dx  q \ 1 
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where  is  the  number  density  of  the  HF(v=r)  state,  n£  is  the  number  density  of  the 
Hg(v-/)  state,  and  is  the  number  density  of  the  ith  chemical  species  (e.g.,  H,  F, 
F2,  Ar,  y HF(v) , 2 H2(v)).  The  q summation  is  over  all  chemical  reactions  involving 
the  vibrational  state  r (in  the  calculations  to  follow,  just  the  hot  and  cold  inac- 
tions); the  l summation  is  over  all  vibrational  states,  and  the  m summation  over  all 
chemical  species.  The  symbols  K,P,  Q and  R denote  appropriate  constants,  and  A the 
spontaneous  emission  coefficient.  Detailed  balance  is  employed  to  calculate  all 
reverse  rate  coefficients,  viz: 


Prf,'+f=  e»p(-(E,+  ,-Er  + Ei-Ejt.,)/kT) 


OvVf  •Of'ii'r  eKp(-(Er  + l-  E,  + Fj-F«.,)/la) 


C+I = + exp(-(Er+l-E,)  At) 


where  Er  and  Fg  denote  the  energies  of  the  HP  and  H?  states,  respectively. 

The  major  assumption  involved  in  deriving  the  kinetic  r equations  is  that 

of  single  quantum  relaxation  steps.  Inviscid,  constant  area  flow  is  assumed  in 
deriving  the  flow  velocity  derivative. 

Analogous  equations  are  written  for  the  Hg  vibrational  state  populations,  and 
the  coupled  set  of  differential  equations  is  integrated  using  an  implicit,  centered- 
difference  scheme. 


Rate  Coefficients 

Reviews  of  the  kinetics  literature  relevant  to  HF  chemical  lasers  have  been  given 
by  Cohen  (Reis,  25,  26).  Rate  coefficients  for  chemical  processes  and  all  relaxation 
processes  affecting  HF(v-l)  are  in  essential  agreement  with  the  most  recent  recommen- 
dations (Ref.  26).  One  exception,  however,  is  the  treatment  of  the  "back"  cold  re- 
action 


K-v 

H + HF(V)  t-  Ho  + F for  V - 3,  4,  5,  6,  7 
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In  the  Ul’RC  code,  it  is  assumed  that  the  product  Hg  is  in  the  ground  state.  K..3  is 
obtained  by  simple  applying  detailed  balance  to  the  known  rate  K3.  For  v a 4,  it 
is  assumed  that  these  processes  proceed  with  zero  activation  energy,  which  results 
in  a value  of  approximately  3 x 10“ 1°  cm3/molecule/sec  for  all  levels.  This  is 
essentially  a "gas  kinetic"  rete,  and  probably  represents  a reasonable  upper  bound. 
These  processes  do  not  appear  to  be  important  for  the  flow  tube  conditions  investi- 
gated thus  far. 

The  UTRC  model  scales  the  KF-HF  W in  accordance  with  the  following  simple  func- 
tions : 

s,s+l 

P Of  r(s+l)  T_1  exp  (-C/aE2)  exp  (Mj 
r,r-l  cm 

Several  investigators  have  reported  rate  coefficient  values  for  Pp’r-i  (Refs.  7>  8, 
27).  This  data  indicates  that  F®>£_  increases  with  r.  There  are  discrepancies  in 
the  data  for  the  higher  quantum  numbers;  however,  it  is  not  clear  that  the  data  can 
be  identified  with  W exchange  only,  and  contributions  from  other  loss  processes  may 
be  important.  In  view  of  this  uncertainty,  it  is  difficult  to  know  how  to  get  the 
theoretical  expression  for  the  data.  We  have  therefore  chosen  a value  of  C such  that 
the  rate  constants  P^r-l2  < r 55  ^ are  only  weakly  dependent  on  r,  i.e., 


§ 

£ 

ft. 

B 


p0.1  - 

r,r-l 


p0,l 

2,1 


As  will  be  seen  this  W rate  model  correctly  predicts  the  early  "Boltzmannizing" 
of  levels  V = 3,  4,  5,  6 that  is  seen  in  the  experiment.  However,  under  conditions 
of  low  translational  temperature  and  zero  optical  power  output,  use  of  these  W 
rates  can  cause  truncations  or  bottleneck  problems  at  the  highest  vibrational  level 
considered  (typically  v = 12).  This  problem  arises  when  a linear  scaling  of  VT 
transition  probabl1  : 03  i~  sumed,  and  regardless  of  whether  the  HF-HF  W rates 

are  truncated  in  ; .ugnituJ',  at  "gas  kinetic"  or  ten  times  "gas  kinetic".  For 
faster  HF-HF  VT  scaling,  this  problem  disappears. 
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VIII.  COMPARISON  OF  GENERAL  FEATURES  OF  THE  ANALYTICAL 
MODEL  WITH  EXPERIMENTAL  RESULTS 


Treanor  Distribution  in  HF  - the  Limit  of  Dominant  W Transfer 

Because  there  is  a temptation  to  identify  the  distribution  of  Fig.  (15)  with 
"W  equilibrium"  it  is  of  interest  to  consider  what  the  true  W equilibrium  distri- 
bution of  vibrational  level  populations  in  HF  would  be  i.e.,  dominant  W transfer, 
for  vibrational  and  translational/rotational  temperatures  consistant  with  the  observed 
data,  Fig.  15.  Such  a "Treanor"  type  distribution  (Ref.  28)  for  HF  is  shown  in  Fig. 
17,  and  it  is  apparent  that  the  anharmonic  nature  of  HF  would  result  in  a strong 
pumping  of  population  to  high  lying  levels  when  in  fact  the  data,  Fig.  15,  show  that 
reduced  population  at  high  lying  levels  is  actually  observed.  If  one  examines  the 
leading  master  equation  terms  describing  W pumping  between  any  two  levels  (say 
v=4,  and  v=5)  and  assumes  the  approximate  validity  of  the  VV  rates  reported  in  the 
literature  it  becomes  apparent  that  the  population  distributions  of  Fig.  15  repre- 
sent a situation  in  which  there  should  be  strong  anharmonic  pumping  from  the  lower 
to  the  higher  levels.  The  fact  that  the  measured  populations  decrease  with  distance 
indicates  that  there  is  some  lo~s  process  which  dominates  the  W pumping.  As  will 
be  seen,  the  loss  rates  in  present,  accepted  use  are  not  sufficiently  rapid  to  com- 
pete with  these  W pumping  processes.  It  is  also  possible  that  these  W processes 
are  not  as  efficient  as  reported  in  the  literature. 


Modeling  of  the  Experiment 


Calculations  with  the  1-D  computer  model  have  been  made  using  conditions 
corresponding  approximately  to  the  actual  conditions  of  the  experiment.  An  initial 
dissociation  fraction  of  F0 , & p0  - 0.5$  has  been  employed.  This  value  was  chosen 
considering  a limit  provided  by‘"available  uv  absorption  dat  a 0<  c*p0  ^ 2$  and  the 
observation  that  if  o<p.,  were  less  than  0.5$  it  would  be  difficult  to  explain  the 
high  vibrational  population  levels  observed  close  to  the  injector.  The  fact  that,  a 
value  of  r>p0  close  to  the  anticipated  lower  limit  has  been  chosen  rather  than  in 
between  the'~limits  has  been  motivated  by  a desire  to  see  if  calculated  values  of 
translational  temperature  buildup  could  bo  matched  to  the  slow  observed  rotational 
temperature  buildup  along  the  flow  tube  without  having  to  introduce  inhibitor  or 
other  arguments.  Further  experimental,  information  on  ap,,  particularly  a lower  limit 
type  oT  measurement  is  needed.  The  concentration  of  It,  for  the  nominal  1$  case, 
(Fig.  15)  after  calibration  of  flowmeters  and  consideration  of  purge  and  boundary 
layer  in.1  octant  inert  gas  flows  was  found  to  correspond  actually  to  Y[,’  - n.oiR 

near  the  1U-1 n; lector  and  would  be  AF0  ' 0.012  far  downs  1 ream  after  all  auxiliary 
inert  Hows  had  mixed  in.  Both  values  of  ^Fp  have  been  us-'-d  in  the  model  in  an 
effort  to  bracket  the  results  although  a more  detailed  treatment  of  the  boundary 
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layer/mixing  region  at  the  wall  is  needed  or  preferably,  a reduction  in  optical 
depth  of  field  relative  to  tube  diameter  to  exclude  emission  originating  near  the 
wall  from  the  observed  intensities.  Based  on  flcwmeter  calibrations  the  nominal 
Ik)  concentration  of  3%  was  found  to  be  ^Hg  = 0.0?4  relative  to  all  flows  and  because 
of  the  faster  diffusion  of  H0  this  value  has  been  used  to  represent  the  entire  flew 
tube  region.  Measured  pressure  p actually  varied  from  about  5*5  torr  to  4.5  torr 
along  the  1 meter  flow  tube  for  the  flow  rates  employed  and  p = 5 has  been  used 
as  a good  approximation  at  this  time.  Velocity  V=1C>4  cm/sec  is  close  to  the  actual 
value  based  on  measured  flows  and  pressure.  Actual  velocity  would  be  somewhat  less 
near  the  injector  and  somewhat  higher  near  the  end  of  the  tube  due  to  the  pressure 
variation/boundary  layer  process  but  again  no  attempt  to  account  for  this  variation 
is  warranted  for  purposes  of  the  present  comparison.  Note  that  the  Mach  number  of 
the  flow  relative  to  Ar  thermal  speed  at  T = 300° K is  M~  0.3,  a moderate  subsonic 
condition. 

Slight  surface  reaction  patterns  have  been  observed  on  the  Hg  injector  tubes 
and  these  give  an  indication  of  mixing  effectiveness.  These  patterns  indicate 
that  penetration  of  the  Hg  + Ar  angled  injeetants  from  the  orifices  across  the  flow 
tube  reactor  is  occurring  close  tothe  injector  as  desired  in  a uniform  manner  and 
that  sufficient  momentum  is  present  in  the  Fg  + Ar  flow  to  prevent  backstreaming  of 
the  Hp  + Ar  injectant.  Rapid  uniform  mixing  of  Hp  and  Fg  would  be  expected  for  this 
angled  injector  geometry  in  a distance  Xmix  ^ 5 cm  for  an  injectant  orifice  spacing 
of  1.5  mm.  The  detailed  mixing  profile  with  distance  lias  not  been  included  in  the 
cases  that  have  been  examined  with  the  model  since  it  is  short  relative  to  the  obser- 
vation length  and  not  expected  to  have  a significant  effect  on  interpretation  of 
results . 


Predicted  Results  with  Present  Models  of  Back  Reaction, 

Hg-HF  and  HF-HF  Interaction 

y 

Predicted  results  for  F2  = 0.018  are  shown  in  Fig.  l8  with  kinetic  mechanisms 
describing  back  reaction,  H2  - HF  and  HF-HF  interactions  treated  in  the  existing 
manner  including  a linear  HF-HF  VT  scaling  with  V.  The  dashed  lines  indicate  the 
expected  results  if  the  hot  reaction  never  occurred.  A comparison  with  the  data, 

Fig.  15,  suggests  that  the  hot  reaction  is  occurring  in  theexperiment  and  vibrational 
levels  are  being  populated  by  the  chain.  The  experimental  observation  that  increased 
cold  Fg  addition  after  the  dissociator  leads  to  increased  emission  intensities  also 
indicates  that  the  hot  reaction  and  chain  are  occurring.  The  solid  lines  in  Fig.  18 
are  predicted  results  for  the  chain.  The  predicted  populations  are  of  the  same  order 
as  measured  values  but  the  predicted  distribution  with  V shows  higher  and  near  equal 
populations  for  V = 4,  5>  6 while  the  measurements,  (Fig.  15)  show  a substantial 
dropoff  in  populations  with  increasing  V.  The  predicted  populations  begin  to  rise 
downstream  because  the  rates  of  change  due  to  hot  reaction  pumping  are  increasing 
with  distance.  Strong  anharmonic  pumping  due  to  HF-HF  W exchange  is  also  present. 
Significantly,  the  theoretical  model  correctly  predicts  that  the  populations  close 
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to  the  injector  should  be  approximately  Boltzmann,  as  is  seen  in  the  experiment.  The 
initial  measured  and  calculated  populations  are  far  from  the  hot  reaction  primitive 
distributions  for  this  pressure  level.  This  suggests  that  the  HF-HF  W rates  in  the 
code  are  approximately  correct. 


Predicted  Results  with  Increased  Loss  Rates  of  High  Lying  Levels 


In  trying  to  relate  the  above  discrepancy  to  potential  kinetic  uncertainties 
in  the  model  reasonable  increases  in  back  reaction,  H2-HF  W and  HF-HF  VT  processes 
were  tried.  Increase  in  an  already  fast  HF(V ) back  reaction  process  with  H by  a 
factor  of  10  produced  only  about  an  order  10 $ reduction  in  V = 4,  5,  6,  populations. 
Speed-up  in  coupling  of  Hg  with  HF  levels  while  possible  for  lower  levels  would  not 
have  a significant  effect  on  upper  level  population,  moreover,  the  observed  effects 
of  H2,  Tablo  3>  appear  to  be  predicted  reasonably  well  by  the  model.  In  the  calcula- 
tions 1I2  is  pumped  via  HF-H2  W exchange  to  a vibrational  temperature  of  about  2C00°K. 
It  appears  that  most  of  this  energy  transfer  is  from  the  lower  HF  vibrational  states; 
because  of  favorable  energetics,  excited  H2  can  pump  energy  back  into  the  higher  HF 
states  (v  a 4).  Based  on  the  Hr,  VT  rates  in  use  in  the  code  (Refs,  25,  26)  little 


Hg  relaxation  is  predicted.  Speed-up  in  the  HF-HF  VT  deactivation  of  high  lying 
levels  by  increased  scaling  with  V was  tried  and  the  results  for  a V^  scaling.  Fig. 


19  yield  a much  closer  correlation  of  predicted  and  measured  results  on  level  popu- 
lation distribution  with  level.  The  HF-HF  VT  rates  were  truncated  at  10^  sec'1 
torr"1  for  the  higher  levels.  The  absolute  level  of  populations  predicted  for  XFg 
= 1.8$,  Fig,  IQa,  appear  high  relative  to  data  Fig.  15  while  predicted  results  for 
xF2  = 1.2$  and  a slow  hot  reaction  rate  appear  more  reasonable.  The  base  rate 
constant  for  the  hot  reaction  is  the  value  reported  by  Albright  (Ref.  2). 


Overall  Reaction  Rate,  Gas  Temperature  Increase 

The  translational  temperature  increases  predicted  by  the  model  as  the  chain 
reaction  developes  are  shown  in  Fig.  20  for  the  two  F2  concentrations  and  baseline 
and  slow  H + Fg  reaction  rates.  The  slope  of  the  average  line  through  the  rotational 
temperature  data  of  Fig.  l6a  is  included  in  Fig,  20.  The  comparison  suggests  that 
the  overall  reaction  may  be  proceeding  somewhat  slower  than  predicted,  accounting 
for  some  of  the  discrepancy  between  predicted  and  measured  vibrational  population 
levels. 
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EFFECT  OF  V3  HF-HF  VT  SCALING  WITH  V ON  PREDICTED  1- 
CHAIN  REACTION  VIBRATIONAL  LEVEL  POPULATIONS 
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FIG. 18 
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FIG. 20 


PREDICTED  I— D TRANSLATIONAL  TEMPERATURE 
RISE  IN  CHAIN  REACTION 


V3  HF-HF  VT  WITH  V 
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IX.  CONCLUSIONS 


The  results  of  this  study  indicate:  l)  The  thermally  initiated  F2/h2  flow 

tube  reactor  experiment,  designed,  fabricated  and  tested  under  this  contract  is  a 
viable  approach  for  providing  information  on  HP  chain  reaction  and  relaxation  kinetics 
for  comparison  with  existing  codes,  ?.)  Key  areas  of  kinetic  uncertainty  with  the 
chain  appear  to  exist  - in  particular,  the  experimental  results  when  compared  with 
the  model  suggest  a)  HF-HF  W and  VT  processes  are  uncertain  and  b)  the  overall  rate 
of  reaction  and  translational  heating  may  be  uncertain. 
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X.  RECOMMENDATIONS 


The  above  results  are  not  conclusive  at  this  time,  lacking  sufficient  checks 
and  detail  for  final  definitive  adjustment  of  the  model.  Additional  information 
needed  includes  better  definition  of  the  initial  F-atom  concentration,  population 
measurements  of  HF  in  the  v=0,  1 and  2 states  and  an  assessment  of  the  effects  of 
H and  F atoms  diffusion  and  interaction  with  the  walls.  More  extensive  low  pressure 
data  and  the  effect  of  HF(O)  addition  are  also  required  to  provide  experimental  infor- 
mation on  HF-HF  interactions.  Further  information  on  the  overall  production  of  HF 
and  the  resulting  translational  heating  is  also  needed.  Finally,  the  effects  of 
possible  oxygen  contamination  of  the  fluorine  and  of  temperature  variations  on  the 
overall  reaction  rate  also  need  further  investigation. 
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